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lEVELOPMENT OF CAST ALUMINUM ALLOYS FOE 

ELEVATE D-TEMPEEA'HIKE SERVICE 

By Webster Hodge, L . W. Eastwood, C. H. Lorig, 
and H . C . Cross 


SUMMARY 


. An experimental investigation was conducted to develop an aluminum, 
alloy for service at elevated temperatures . The development work was 
divided into three parts to determine: (l) The effects of heat treatment 

and exposure to elevated temperatures on the tensile properties of the 
various alloys subsequently cooled to room temperature $ .(2) the effect of 
various alloy additions on the room- temperature and elevated-temperature 
properties of aluminum, 6-percent -magnesium alloys } and ( 3 ) the improve- 
ment in high-temperature creep properties of some of the optimum compo- 
sitions . 

From the results of the investigation an experimental alloy that 
appeared to "be optimum was found. The composition of this alloy and an 
approximate comparison of its properties with two commercial alloys are 
presented in tabular form. 


INTRODUCTION 


This report contains a brief review of the work done and the results 
obtained on the investigations leading to the development of an aluminum 
alloy for service at elevated temperatures. At the start of the Investi- 
gation It was known that the aluminum alloys containing a substantial 
amount of magnesium have good high-temperature strength, but their thermal 
conductivities are lower than that of Y alloy. Because It was believed 
that the intended applications were of such a nature that heat dissipation 
would be a relatively unimportant fatftor, the object of the investigation 
was directed toward the development of an aluminum-magnesium alloy having 
mechanical properties substantially superior to other aluminum alloys now 
employed for service at elevated temperature . 

More specifically, the object of the investigation was to develop an 
aluminum alloy with about 6 percent magnesium which has substantially 
better tensile properties than Alcoa 142, otherwise known as Y alloy, and 
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having "better resistance to creep at elevated temperatures than the 
existing commercial or known experimental aluminum-base alloys containing 
magnesium in substantial amounts. 

This work was conducted at Battelle Memorial Institute under the 
sponsorship and with the financial assistance of the National Advisory 
Committee for Aeronautics. 


GENERAL PROCEDURE 


An alloy of aluminum containing 6 percent magnesium was employed as 
a "base material and the development work was divided into three major 
portions. The first portion of the alloy development was concerned with 
the effects of heat treatment and the effects of exposure to elevated 
temperatures on the tensile properties of the various alloys subsequently 
cooled to room temperature . This phase of the work was confined to 
aluminum alloys containing 6 percent magnesium with various combinations 
of manganese, nickel, and copper which were found to have fairly good 
room -temperature properties in preliminary investigations. The second 
portion of the experimental work dealt with investigations carried out in 
a systematic maimer to determine the effect of various alloy additions cn 
the room-temperature and elevated- temperature tenBile properties of 
aluminum, 6-percent -magneBium alloys . This phase of the work was, of 
course, conducted simultaneously with the first portion, "but a longer time 
was required. The second phase of the work resulted in the accumulation 
of a very large amount of data on the effects of the various alloy additions 
thich led to the selection of certain optimum compositions . 

With the information obtained in the second part of the investi- 
gation as a background, the third portion of the work was concerned with 
the improvement in the high -temperature creep properties of seme of the 
optimum compositions as previously developed. Because of the large 
number of compositions for which creep data were desired, the creep teste 
were necessarily limited to durations of 100 to 150 hours. The use of 
such a short test period is not to be recommended except for a preliminary 
appraisal in order that the trend of effect of the various compositions 
on the creep properties may be indicated. The available time permitted a 
few tests for durations of about 500 hours on some alloys that were 
evidently the best among the many tested. In general, the longer tests 
did not change the indi cations obtained frean the shorter tests, but tests 
of at least 500 -hour duration for men's of the alloys would make more 
certain the comparisons between the creep properties of the various 
compositions. In this phase of the program, it was necegsary also to 
obtain tensile properties at roam temperature and at 600 F in order to 
supplement the creep data . 
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EXPERIMENTAL wore 


One of the first difficulties encountered in the early development 
work with the 6 -percent -magnesium alloys was the tendency of the alloy 
to react with the moisture in the green sand, molds • Hie seriousness of 
this sand reaction varied from mold to mold "but, in general, the surface 
unsoundness which resulted would entirely obviate any useful comparison 
of the properties of the sand-cast tensile bars of various compositions - 

It was found that an addition of 0 .005 percent beryllium, when 
added to the 6 -percent-magnesium. melt, would entirely eliminate this 
trouble from, sand reaction. The amount of beryllium required is not 
critical, but it should not be much in excess of 0 .005 percent • Other- 
wise, high beryllium content will produce a characteristic sand reaction 
with the green sand mold. These beryllium additions ware made to all 
the melts by the employment of an flirnnin iini-'hftr ylUnm alloy containing 
1 to 1.25 percent beryllium. "When scrap was melted, no additional 
beryllium was required. 

In order to avoid variations in grain size, a grain refiner was 
added to all the experimental compositions • It was found that titanium 
was very effective, and an addition of either 0.01 percent borcn plus 
0 .02 percent titanium or 0 .08 percent titanium alone was used for this 
purpose. Either of these additions resulted in consistently fine grain 
size, usually of the order of 0.01 to 0.02 Inch. 

In order to avoid variations in the cleanliness and gas content 
of the melt, all experimental melts were fluxed with chlorine for about 
15 minutes, while the temperature was maintained between 1325 and 1350° E. 
This treatment invariably produced a high melt quality, and difficulties 
with pinhole porosity and variations attributable thereto were avoided. 
Furthermore, the aluminum-magnesium alloys have a tendency to contain 
dross . The treatment of the melt with chlorine facilitated removal 
of dross and also effected a good separation of the dross from the top 
of the melt before It was poured . 

Although aluminum alloys containing 6 percent magnesium are not 
normally considered to be amenable to heat treatment. It was found that 
some of the compositions were very markedly improved by solution heat 
treatment . This was especially true of the aluminum, 6 -percent -magnesium, 
alloys containing copper without nickel . Furthermore, these benefits of 
the solution heat treatment were retained in the alloy after it was 
exposed for long periods at temperatures of 650 ° F . This effect Is in 
contrast to the effect of exposure to high temperature on the room- 
temperature and elevated-temperature properties of Alcoa 142 alloy. It 
was also desirable to stabilize or substantially stabilize the castings 
prior to testing at 600° F . Consequently, shortly after the initial 
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phases of the investigation, al 1 experimental compositions vere solution 
heat-treated for 1 6 hours at~8l0° F, quenched in cold water, and stabi- 
lized or aged for 24 hours at 65 O 0 F before testing them at room temper- 
ature or at 600° F. Many of the alloys were also tested in the as -cast 
or as -cast and aged conditions. . 

Except when complete data were required through out - a temperature 
range, all high -temperature tensile tests and creep tests were conducted 
at 600° F. 


Alloy Additions Investigated 

A total of 23 different metallic elements was added ter various 
aluminum, 6 -percent -magnesium base alloys to determine their effect 
upon the room- temperature tensile properties, the tensile properties at 
600° F, and the creep properties at 600° F . Both tensile and creep 
properties at - 600° F were not obtained for some of the alloys . These 
23 elements are as follows : 


Antimony 

Magnesium 

Beryllium 

Manganese 

Boron 

Molybdenum 

Cadmium 

Nickel 

Calcium 

Silicon 

Cerium 

Silver 

Chromium 

Titanium 

Cobalt 

Tungsten 

Copper 

Uranium 

Iron 

Vanadium 

Lithium 

Zinc 

Zirconium 


The range in conposition of each of these elements Investigated, the 
various combinations of elements employed, the optimum content of each 
of the elements, and the room- temperature tensile properties of the optimum 
composition of each are indicated in tables 1 to 11. Because all sand 
castings tend to vary somewhat in their tensile properties from melt to melt, 
and even from test to test from the same melt^— the more promising combinations 
were repeatedly prepared in order to establish f irmly their effects . A 
total of 524 room- temperature tensile tests were made; usually two bars of 
each composition and occasionally even a larger number were tested . 

Since a four-bar test casting was employed, two bars were available 
for room-temperature tests and two for high- temperature tensile tests . 

Nearly all the compositions listed in tables 1 to 11 were also subjected to 
a stabilizing treatment consisting of 24 hours at 6500 F; sifter this treat - - 
ment tensile properties were obtained at 600° F . On the basis of these 
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tensile tests at room temperature and. at 600° F, the effects of the 
principal alloying elements may "be summarized as follows: 

Effect of magnesium content . - Between the limits of 4 and 6 percent 
magnesium in the experimental alloys, very little difference was noted 
in the tensile strength at 600° F- Xn the heat-treated condition, t he 
room-temperature properties are improved in alloys containing up to about 
11 percent magnesium- Xn the heat-treated and stabilized condition, 
however, 6 percent magnesium is the optimum content for ma-ri Timm room- 
temperature tensile properties. At concentrations above 6 percent mag- 
nesium, the tensile strength at 600 ° f decreased rapidly, and precipi- 
tated aluminum-magnesium compound could be noted at the grain boundaries. 

Some tests were carried out with al loys containing 4, 5, and 6 percent 
magnesium; the alloys were otherwise similar since all contained 1.5 per- 
cent copper, 1 percent manganese, with grain refiner and beryllium 
additions. The effects of stabilization after 1, 4, and 10 days at 575° nnd 
65 Q 0 F were determined after solution heat treatment. The alloy with 
4 percent magnesium showed no appreciable change in the roam-temperature 
properties with increasing time at either of the stabilization temperatures- 
The 5 -percent -magnesium alloy showed a slight gain in ultimate strength at 
room temperature after all stabilizing treatments extending beyond the 
24-hour period, but the yield strength was not affected. On the other 
hand, the 6 -percent -magnesium alloys showed a slight decrease in ultimate 
strength and hardness after all stabilizing treatments which were prolonged 
beyond the 2 4 -hour period. This adverse effect of prolonged heating at 
575 0 or 650° F was alight said it indicates that, in general, the alloys con- 
taining up to 6 percent magnesium are structurally stable in this temper- 
ature range • This is in marked contrast to heat-treated Alcoa 142 or 
T composition which undergoes structural changes with exposures to these 
temperatures, with a consequent decrease in tensile, yield, and hardness 
values . 

Effect of manganese content -- Manganese up to 1.5 peroent can be 
tolerated in the 6 -percent -magnesium alloys, and the optimum content of 
approximately 1 percent is a very desirable addition. However, an 
aluminum alloy -containing only 6 percent magnesium, and 1 percent manganese has 
rather poor ductility at 600° F because of the large amount of cracking 
which occurs under tension with relatively little elongation. 

Effect of copper content - - Copper added to an aluminum-base alloy 
containing 6 percent magnesium and 1 percent manganese improves the 
ductility at both room temperature and at high temperature, particularly 
since the cracking which occurs in tensile bars broken at 600° F is sub- 
stantially eliminated by the copper addition. Xn place of the numerous 
small cracks, uniform elongation and considerable necking down at the 
fracture occur . The alloy containing the copper is also subject to marial 
improvement by a solution heat treatment, followed by an aging or stabi- 
lizing treatment consisting of 24 hours at 6 50° F- As a result, the 
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Optimum copper addition of* 1.5 percent produces a marked improvement in 
the room- temperature tensile properties of the solution heat - treat ed and 
stabilized alloy. 

Effect of nickel content.. - Nickel may be substituted for copper either 
alone or combined with iron. About 2 percent" nickel with 1 percent iron, 
or 1 percent nickel with normal iron content as an impurity, appears to be 
the opt im um composition for the aluminum-magn.es ium-nickel alloys . The 
room-temperature tensile properties of these alloys are not improved by 
heat treatment, and are moderately low. The aluminum, 6 -percent -magnesium, 
1 -percent -manganese, 2-percent -nickel, 1 -percent -iron alloy, however, has 
good tensile properties at 600° F. 

Effect of oop-per. and nickel content.- Copper and nickel together in 
most proportions appear inferior to either alone. The best proportions cf 
copper and nickel were found to be 1 .5 percent nickel and 0 .5 percent 
copper, corresponding to Alcoa 2^4, or the reverse of these proportions . 
Both of these alloys, containing either 1.5 percent nickel and 0 .5 percent 
copper, or 0 .5 percent nickel and 1 .5 percent copper, can be improved 
somewhat by a solution heat treatment, but to a much lesser extent than 
the experimental alloy with 1.5 percent copper without nickel. 

nyfant of titan ium f-.ont.ant.- Titanium is a very potent grain refiner 
for the alloys of the type being investigated. Approximately 0.02 percent 
titanium is sufficient to obtain consistent grain refinement but the 
effectiveness increases with increasing titanium content" up to about 
0.15 percent. About 0.2 percent- titanium appeared to be mildly beneficial 
to the room- temperature properties but amounts up to 0 .4 percent titanium 
apparently have no additional beneficial effect on the tensile strength 
at room temperature or at 600° F. 

Effect of boro n content.- Boron in conjunction with titanium is quite 
useful as a grain -refining constituent . Good grain refinement, however, 
can be obtained in the aluminum, 6 -percent -magnesium alloys with titanium 
alone. Furthermore, probably no beneficial effects on conductivity would 
be obtained by using a low-boron, low-titanium combination in place of 
0 .10 percent titanium . 

Effect of berylli um content.- As pointed out earlier in this report, 
beryllium is an essential component of these alloys when they are to be 
cast in ordinary foundry green sand. The use of 0 .005 percent beryllium 
apparently eliminates sand reaction entirely, thereby considerably 
improving the foundry characteristics of this type of alloy. 


Optimum Compositions 

On the basis of the tensile properties of the various compositions 
at room temperature and at 600° F, the following five alloys were selected 
as being worthy of consideration for further, development: 
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Alloy 


Mu 

(per- 

cent) 

Cu 

(per- 

cent) 

Ni 

(per- 

cent) 

53. 

(per- 

cent) 

Be 

(per- - 

cent) 

Fo 

(per- 

cent 

1 

6 

1 

1.5 

0 

0.08 

0.005 


2 

6 

1 

- — 

1 

«08 

.005 

— 

3 

6 

1 


2 

.08 

.005 

1.0 

4 

6 

1 

1-5 

•5 

.08 

.005 

— 

5 

6 

1 

•5 

1-5 

.08 

.005 

— 


Most of these alloys vere prepared from 99 *7 percent aluminum. The first 
of these was considered to have the greatest possibilities . After a 
solution heat treatment and a stabilization treatment consisting of 
2k- hours at 650 ° F , this alloy would consistently show the following 
mechanical properties; 


Property 

Boom 

temperature 

finr>o -jr 

Tensile strength, psi 

35,000 

13,000 

Yield strength, psi 

24,500 

10,000 

Elongation, percent in 2 In. 

2.5 

20 

Brinell hardness number 

80 



After complete stabilization or, at least, after 480 hours at 650 ° F 
prior to testing at 600° 7, the tensile strength and yield values obtained 
at 60 0° F would not drop more than 1000 pounds per square inch from the 
above values « As Indicated later, substantial improvements have been made 
in this con 5 >osition by suitable additions. 

Alloy 2 did not respond to solution heat treatment and, as a result, 
the room- temperature tensile properties were substantially lower and the 
tensile properties at 600 ° F were slightly superior to those obtained on 
alloy 1 . 

Alloy 3 had relatively poor yield strength at room temperature but, 
nevertheless, had slightly the highest yield strength at 600° S' of any of 
the other alloys . This oonposition did not respond to solution heat 
treatment and, as a result, the room-temperature tensile properties were 
relatively low . 

The composition of alloy 4 is similar to Alcoa 254 composition, 
except that a grain refiner has been added and beryllium has been added 
to eliminate sand reaction, thereby improving the foundry characteristics 
when green sand molds are used. In general, then, the first of the five 
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alloys listed has tho 'best rocn. -temperature properties and the "best 
properties at all t eng? erature s up to and including 500° F . The other 
four all oys have similar properties at all temperatures and all five alloys 
have similar tensile properties at 600° F. Alloy 3 , however, has slightly 
the lowest room-temperature properties and slightly the highest tensile 
properties at 600° F. 

Because of the higher tensile properties obtained by alloy 1 at 
room temperature, the main emphasis on further development was placed cn 
this composition • Some emphasis was also placed on alloy 2. 


Improvement in Resistance to Creep at Elevated Temperatures 

The existing data and the data obtained in the short-time creep tests 
performed on this project definitely indicate that the aluminum, 

6 -percent -magnes ium alloys of the Alcoa 25 k type have poor resistance to 
creep at 600° F . Of the five compositions listed which appeared to have 
some promise, alloys 1 and 2 were subjected to further development in 
order to improve their tensile properties at room temperature and at 
600° F, as well as to improve considerably their resistance to creep at 
600° F. Accordingly, the third phase of the experimental program, described 
previously, was initiated and the effects of many minor elements and combi - 
nations of minor elements were investigated in an effort to improve the 
creep properties . 

The short-time creep tests, previously described, were made on 
experimental alloy compositions, and on Alcoa lk2 and Alcoa 254 , for pur- 
poses of comparison. These short-time tests were carried out at 6oo° F, 
using a load of I 3 OO pounds per square inch for periods generally up to 
100 to I 50 hours, though, some tests were continued for longer periods. The 
bulk of this work was done by using as base materials alloy 1 containing 
6 percent magnesium, 1 percent manganese, 1.5 percent copper, with added 
grain refiner and beryllium, and alloy 2 containing 6 percent magnesium, 

1 percent nickel, and 1 percent manganese. It was, of course, necessary 
also to obtain tensile properties at room temperature and at 600° F. The 
entire series of experimental compositions prepared for creep testing Is 
included in table 12. This table shows the heat number, the intended 
composition of the alloy, the tensile properties at room temperature, the 
maximum grain size, the tensile properties at 600° F, and some data on 
the creep properties at 600° F employing a load of I 3 OO pounds per square 
inch . A number of elements were found to have beneficial effects on the 
creep properties of the two base compositions. 

Typical time-deformation curves for the creep tests run at 600° F 
and 1300 pounds per square inch are shown in figure 1. The relative 
merits of Alcoa 142, Alcoa 25 k, and an experimental alloy are graphically 
shown. This figure also shows the beneficial effects on the rate of 
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deformation obtained, by the use of various amounts of zirconium in a 
"base alloy containing 6 percent magnesium, 1.5 percent copper, 1 percent 
manganese, with the usual amounts of grain refiner and. 'beryllium* 

Figure 2 is a graphical representation of the more important creep data 
listed in table 12 . This figure shows the minimum creep rate and the 
total deformation at 100 hours obtained on alloys of various compositions. 

Zirconium, in amounts from. 0 .05 to 0 .25 percent increases the 
resistance of the base alloy to creep and tends to increase the room- 
temperature strength unless the grain size also increases. If a grain- 
size increase occurs with the addition of 0.02 percent titanium, grain 
refinement may often be restored by increasing the titanium content to 
0 .08 percent . Titanium, in conjunction with zirconium, appears to have 
a slight tendency to decrease the resistance to creep at 600° F. Vanadium 
additions of 0 .1 percent in combination with 0 .25 percent zirconium pro- 
duce excellent room- temperature properties, good high - temperature 
properties, and excellent resistance to creep. Vanadium in greater amounts 
appeared to have a favorable effect on the high- temperature tensile 
strength but somewhat decreased the room- temperature tensile strength. 

It Is emphasized that limited time has not permitted so complete an 
evaluation of the creep properties of these al l oys as may be desirable. 
Since the creep tests on the experimental alloys were run at one stress 
and one temperature only, additional tests of at least 500 hours on the 
better alloys should be run over a range of stresses at 600° F and possibly 
also at several other temperatures of interest . 


Tensile Properties of Stabilized British 
and Other Alloys 

During the course of the high -temperature tensile testing, specimens 
of alloys for elevated- temperature service developed by the Royal Aircraft 
Establishment were received for testing. Two alloys were received, each 
In the wrought and chill-cast condition. Specimens of these four alloys, 
in addition to Alcoa 142, Alcoa 25 I, and an experimental alloy containing 
6 percent magnesium, 1.5 percent copper, and 1 percent manganese, with grain 
refiners and beryllium, were stabilized as follows : 


For test at 

Stabilizing treatment 

Room temperature 

None 

400° F 

480 hr at 575° F 

500° F 

480 hr at 575° F 

600° F 

4 80 hr at 65 O 0 F . 

700° F 

96 hr at 700° F 
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Previous to these stabilization treatments, other specimens of the 
alloys were prepared as follows and tested in the indicated condition at 
room temperature : 


Alloy 

Condition 

RAF alloys 

As received 

Alcoa 142 

Heat-treated and aged 

Alcoa 254 

Aged 8 hr at 400° F 

Experimental alloy 

Heat-treated and stabilized 
24 hr at 65 0° F 


The compositions of the various alloys are listed in table 13 * 

The results obtained on these compositions are listed in table 14 and are 
graphically represented by figures 3 , 4, and 5 . 

It should be noted that the experimental cast alloy compared favor- 
ably with -the other two sand-oast con® os it ions, Alcoa 142 and 254 , and 
even with the chill -cast British alloys. This experimental alloy, however, 
is not the optimum composition which was later developed, since the export - 
mental composition, did not contain, zirconium, or vanadium. If the experi- 
mental alloy had contained 0J. percent vanadium and 0 .25 percent zirconlua, 
both the tensile properties at room temperature and at 600° 5" would be 
slightly superior to those shown in figures 3 , 4, and 5 . - 

SUMMARY OF RESULTS 


On the basis of the experimental work conducted on an aluminum-base 
sand-cast alloy for elevated-temperature service, the following composition 
appears to be optimum: 


Element 

Addition 

(percent) 

Magnesium 

6 

Manganese 

1 

Copper 

1 .5 

Vanadium 

.1 

Zirconium 

.25 

Titanium 

.08 

Beryllium 

.005 

Aluminum (99*5 percent) 

Balance 


The following table shows the approximate comparative properties of 
this experimental alloy with Alcoa 142 (heat-treated and aged) an d Alcoa 2 54 
alloys which have been stabilized at 65 0° F for 20 days . 
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Alloy 


Property 

Alcoa l 42 -ETA a 

Alcoa 254 -T 2 a 


Tensile strength at room 
temperature, psi 

26,000 

26,000 

‘ b 35,000 

Yield strength at roam 
temperature, psi 

15,600 

25,000 

" b 25,000 

Elongation at roam temper- 
ature, percent in 2 in. 

2.0 

2.0 

b 3-0 

Brinell hardness number 
at room temperature 

62 

84 

*86 

Tensile strength at 
600 ° F, psi 

8900 

12,750 

* 12,750 

Yield strength at 600 ° F, 
0.2 percent offset, psi 

5800 

10,000 

*>10,000 

Elongation at 600 ° F, 
percent in 2 in. 

16 

20 

*>40 

Minimum creep rate at 
600 ° F, 150 -hr test® 

0 .00014 

0.00075 

0.00005 

Total deformation at end 
of 100 hr, percent 

d 0.045 


a 0.045 

Estimated thermal conduc- 
tivity, C.G.S. units® 

0.33 

0.22 

0.22 

Resistance to corrosion® 

Fair 

Good 

Good 

General foundry 
characteristics® 

Good 

Difficult 

Fair 


Stabilized at 650 ° F, for 20 days prior to test at room temperature 
, or at 600 ° F. 

“Estimated properties after stabilizing 20 days at 65 0 ° F on the 
basis 'of properties after 24 hr at 65 0° F. 
c Stabilized only 24 hr at 650 ° F prior to test and load of 
1300 psi employed at 600 ° F in short-time creep test. 

“■Includes elastic deformation. 

®Estimated, not measured on this project. 


Battelle Memorial Institute 

Columbus, Ohio, May 1 , 1946 
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TABLE 1.- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, 
AND ROOM-TEMPERATURE PROPERTIES OBTAINED ON BASE ALLOY OF 
ALUMINUM CONTAINING 6 PERCENT MACffiFESIUM 


Added element 1 

Addition 

(percent) 

Optimum property 

Tensile 

strength 

(psi) 

Elongation 

(percent) 

Maximum 

Minimum 

Optimum 

None, ac 




30,100 

6.0 

Cerium, ac 

5.0 

0 

0 


— 

Manganese, HTS 

1.5 

.05 

1.0 

33,800 

3- 4 

Cobalt, ac 

•75 

0 

•25 

32,800 

8.8 

Copper, ac 

13*0 

0 

12 .0 

37,000 

.6 

Copper, HTS 

13-0 

0 

6.0 

36,500 

1.0 

Antimony, ac 

2.0 

0 

•5 

33,000 

8.8 

Nickel, ac 

2.5 

0 

0 


— 

Zinc, ac 

5.0 

0 

0 


— 


-^ic, as oast; HCS, solution heat-treated and stabilized. 


TABLE 2.- RANGE IN MAGNESIUM CONTENT INVESTIGATED, OPTIMUM VALUE, 
AND RQOM'-TTMPERATORE PROPERTIES OBTAINED ON ALUMINUM-BASE 
ALLOY CONTAINING 1 PERCENT MANGANESE 


Added element 

Addition 

(percent) 

Optimum property 

Tensile 

strength 

(psi) 

Elongation 

(percent) 

Maximum 

Minimum 

Optimum 

Magnesium, HTS 1 

10.0 

2.0 

6 .0 

32,800 

2.8 


IaT ter solution heat treatment and 6 hours* stabilization at 650° F . 
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TABLE 3 BANCS! IN ABLOY CONTENT INVESTIGATED, OPTIMUM YALUE, AND 
ROOM-TEMPERATURE TENST T .E PROPERTIES OBTAINED ON ALUMINUM-BASE, 

6 -PERCENT-MAGNESIUM , 1 -PERCENT-MANGANESE ALLOY 


■ 1 
Added element 

Addition 

(percent) 

* 

Optimum property 

Tensile 

strength 

(psi) 

Elongation 

(percent) 

Maximum 

Minimum 

Optimum 

■ Titanium, ac 

0.20 

0 

0.20 

34,700 

5-0 

Copper, ac 

3.0 

0 

0 


— 

Copper, acS 

3-0 

0 

2*5 

31,650 

— 

Copper, HTS 2 

5-0 

0 

1-5 

37,000 

2.8 

Copper, HTA 

3-0 

0 

1-5 

38,700 

2.0 

Nickel, ac 

3-0 

0 

0 

30,900 

4.0 

Silver, HTS 

4.0 

•5 

.5 

28,100 

2.0 


lac, as castj acS, as cast and stabilized 24 hr at 650° Fj 
HTS, solution heat-treated and stabilized 24 hr at 650 ° Fj 
ETA, solution heat-treated and aged. 


^Average of 1 6 tensile "bars from eight heats . 




14 


KA.CA TN No . 1444 


TABLE 4.- RANGE IK ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, AND ROOM- 
TEMPERATURE TENSILE PROPERTIES OBTAINED ON ALUMINUM, 6 -PERCENT- 
MAGNESIUM ALLOY CONTAINING IRON, NICKEL, AND MANGANESE 


Added element"*" 

Addition 

(percent) 

Optimum property 

Tensile 

strength 

(psi) 

Elongation 

(percent) 

Maximum 

Minimum 

Optimum 

Base alloy* 6 percent Mg, 2 percent Ni, plus grain refiners 

None, ac 
Iron, ac 

1.0 

0 

1.0 

27,900 

29,750 

2.0 

1-5 

Base alloys 6 percent Mg, 1 percent Fe, plus grain refiners 

Nickel, ac 

2.0 

0-5 

1*5 

30,800 

2.5 

Base alloy: 6 percent Mg, 1.5 percent Ni, 1 percent Fe, 

plus grain refiners 

Manganese, ac 

0.75 

0 

0 .25 

32,900 

mm 

Base alloy: 6 percent Mg, 2 percent Ni, 1 percent Fe, 
1 percent Mn, plus grain refiners 


0.1 

OJL 


29.900 

26.900 

1.4 

1.7 


^ac, as cast } EES, solution Beat -treated, and stabilized 24 hr 
at 65 O 0 F. 
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TABLE 5 .- RANGE IN IRON AND NICKEL CONTENT INVESTIGATED, OPTMJM 
VALUE, AND ROOM-TEMPERATURE TENSILE PROPERTIES OF ALUMOTOM- 
BASE ALLOY CONTAINING 5 PERCENT MAGNESIUM 


Added element 1 

Addition 

(percent) 

Optimum, property 

Tensile 

strength 

(psi) 

Elongation 

(percent) 

Maxim ton 

Minimum. 

Optimum. 

Base alloy: 5*0 percent Mg # 0 .1 percent Si, O.O 3 percent Ti, 

0.01 percent B, 0.05 percent Mn, 0.005 percent Be, 
"balance A1 

Iron, ac 

4.11 

O .32 

1.0 

32,375 

8.2 

Base alloy: 5*0 percent Mg, 2.5 percent Fe, 0.1 percent Si, 

O.O 3 percent Ti, 0.01 percent B, 0.05 percent Mn, 

0.005 percent Be, balance A1 

Nickel, ac 

4.0 

0 

J 2.0 

lo 

28,400 

28,000 

1-75 

3-5 


1 ac, as cast. 
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TABLE 6 RANGE IN ALLOT CONTENT INVESTIGATED, OPTIMUM VALUE, AND ROOM- 
TEMPERATURE TENSILE PROPERTIES OBTAINED ON ALUMINUM-BASE ALLOY 
CONTAINING 6 PERCENT MAGNESIUM, 1 PERCENT NICKEL, 

1 PERCENT MANGANESE, PLUS GRAIN REFINERS 


Add.edL element 1 

Addition 

(percent) 

Optimum property 

Tensile 
strength : 
(psi) 

elongation 
| percent) 

Maximum 

Minimum 

Optimum 

None, HTS 




32,100 

2.7 

Copper, HTS 

2.0 

0 

1-5 

31,100 

1-3 

Iron, HTS 

1.0 

1.0 


28,100 

1.9 

Cobalt, HTS 

.75 

0 

f .25 

30,900 

2.0 




l *75 

31,750 

1.7 

Zirconium, HTS 

• 5 

0 

{2 

31,700 

31,000 

1.8 

2.2 

Cerium, HTS 

1.0 

0 

None 


— 

Antimony, HTS 

1.0 

0 

0 


— 

Chromium, HTS 

•5 

.25 

None 


— 

Tungsten, HIS 

1.0 

.12 

H 

to 


2.0 

Molybdenum 

1.0 

.12 

.12 

30,850 

1.4 


-4lTS, solution heat-treated, and. stabilized. 2k hr at 650 ° E . 
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TABLE 7 .- EFFECT OF MINOR A DICTIONS OF TWO OR MORE ELEMENTS TO ALUMINUM- 
BASE ALLOY CONTAINING 6 PERCENT MAGNESIUM, 1 PERCENT NICKEL, 

1 PERCENT MANGANESE, PLUS GRAIN REFINERS 


Added elements 3 - 

Addition 

(percent) 

Optimum property 

Tensile 

strength 

(psi) 

Elongation 

(percent) 

Maximum 

Minimum 

Optimum 

Base alloy: 6 percent Mg, 1 percent Ni, 1 percent Ma, 

0.25 percent Zr, plus grain refiners 

Vanadium, HTS 

0.4 

OIL 

0 .1 

27,700 

1-7 

Base alloy : 6 percent Mg, 1 percent Ni, 1 percent Ma, 

0.5 percent Sb, plus grain refiners 

Zirconium, HTS 

0.1 

0.1 


30,150 

1*5 

Tungsten, HTS 

.1 

.1 


30,525 

1.8 

Molybdenum, HTS 

.1 

.1 


28,4-50 

msm 

Calcium, HTS 

.1 

.1 


26,470 

1.7 

Base alloy: 6 percent Mg, 1 percent Ni, 1 percent Mn, 

0 .1 percent Zr, plus grain refiners 

Calcium, HTS 

01 

0.1 


26,470 



^HTS, solution heat-treated and stabilized 24 hr at 650° F . 
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NACA TN No . lWt 


TABLE 8.- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, AND ROOM- 
TEMPERATUEE TENSILE PROPERTIES OBTAINED ON ALUMINUM-BASE ALLOY CONTAINING 
6 PERCENT MAGNESIUM, 1-5 PERCENT COPPER, 1 *5 PERCENT NICKEL, 

1 PERCENT MANGANESE, PLUS GRAIN REFINERS 


Added element^ 

Addition 

(percent) 

Optimum property 

Tensile 

strength 

(psi) 

Elongation 

(percent) 

Maximum 

Minimum 

Optl rmim 


None , ac 




29,000 

1.6 

None, acA 




28,000 

1.8 

None, acS 




29,370 

1.4 

None, HT 




30,550 

1.2 

None, HTA 




32,600 

1-3 

None, HTS 




30,400 

1-7 

Chromium, HTS 

0.5 

0 .25 ' 

None 


— 

Cobalty HTS 

1.0 

0 

•5 

35,300 

— 

Antimony, HTS 

•5 

0 

•25 

29,850 

1.2 

Titanium, HTS 

.4 

.1 

.20 

29,900 

— 


■*-ac, as cast; acA, as cast and aged 8 hr at 400° F } acS, as cast 
and stabilized 24 3m at 650 ° Fj HT, solution heat- treated j 
HTA, solution heat-treated and agedj HTS, solution heat-treated 
and stabilized 24 hr at 65 O 0 F . 
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TABLE 9 •" BANGS H f ALLOT CONTENT INVESTIGATED, OPTIMUM TALKS, AND ROOM- 
TEMEEBATCJBE TENSILE PROPERTIES OBTAINED ON AHJMINHM-BASE ALLOT 
CONTAINING 6 PERCENT MAC2TESIUM, 1.5 PERCENT COPPER, 

0.5 PERCENT NICKEL, ELKS GRAIN REFINERS 






Optimum property 

* 

Addition. 

(percent) 


Tensile 

strength 

(psi) 

Elongation 

(percent) 

Added element^ - 

Maximum 

Minimum 

Optimum 

Silver, HTS 

2.0 

0 .^ 

0 .25 

30,600 

1-3 

Zinc', HTS 

1.0 

0 

•5 ' 

32,700 

2.0 

Silicon, HTS 

1.0 

0 

•25 

31,650 

1.0 

Cohalt, HTS 

•5 

•5 


29,150 

1-5 

Antimony, HTS 

•5 

•5 


31,800 

2.0 

Cerium 

•5 

•5 


23,900 

•5 

Base alloy: 

4 percent Mg, 1 .5 percent Cu, 0 .5 percent Ni, 
plus grain refiners 

Zinc, HTS 

2.0 

0 

2.0 

27,250 

1-5 


iHTS, a solution heat treatment and stabilization for 24 hr 
at 65 O 0 E. 
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TABLE 10.- RANGE IN ALLOY CONTENT INVESTIGATED, OPTIMUM VALUE, AND 
ROOM-TEMPERATURE TENSILE PROPERTIES OBTAINED ON ALUMINUM-BASE 
ALLOY CONTAINING 6 PERCENT MAGNESIUM, 1.5 PERCENT COPPER, 

1 PERCENT MANGANESE 


Added element 3- 

Addition 

(percent) 

Optimum property 

Tensile 

strength 

(psi) 

Elongation 

(percent) 

Maximum 

Minimum 

Optimum 

Nickel, HTS 

2.5 

0 

0.5 

35,000 

3-0 

Nickel, ac 

2.0 

0 

0 


— 

Chromium, HTS 

*5 

.25 

None 


— 

Chromium, ac 

•5 

• 

•25. 

None 


— 

Cobalt, HTS 


0 

0 


— 

Cobalt, ac 


0 

0 


— 

Cerium, HTS 

3*0 

0 

0 


— 

Antimony, HTS 

•5 

0 

0 


— 

Molybdenum, HTS 

•5. 

•25 

.25 

33AOO 

2.1 

Zirconium, HTS 

.2 

.1 

.1 

39,200 

2.k 

Calcium, HTS 

•5 

•003 

.06 

38,800 

2.9 

Cadmium, HTS 

2.0 

.1 

None 


— 

Zirconium, HTS 

•5 

0 

.1 

39,850 

3-4 

Lithium, HTS 

1.0 

0 

0 


— 


lac, as cast; UTS, solution, heat-treated and stabilized. 24- hr 

at 650° F. 
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TABLE 11 EFFECTS OF MINOR A DUTTONS OF TWO OR MORE ELEMENTS TO 
ALUMINUM-BASE ALLOY CONTAINING 6 PERCENT MAGNESIUM, 

1.5 PERCENT COPPER, 1 PERCENT MANGANESE, 

PLUS GRAIN REFINERS 



Optimum property 

Tensile 

strength 

(psi) 

Elongation 

(percent) 



39,850 

3*5 

33,700 

2.0 


Base alloy: 6 percent; Mg, 1*5 percent Cu, 1 percent Mi, 

0 .25 percent Zr, plus grain refiners 


Vanadium, HTS 
Chromium, HTS 


Base alloy: 6 percent Mg, 1«5 percent Cu, 1 percent Mn, 

0 .1 percent Zr, plus grain ref iners 


Antimony, HTS 0 *5 
Tungsten, HTS .1 

Molybdenum, HTS .1 
Calcium, HTS .1 

Titanium, HTS 
Vanadium'' 

Calcium 

► 

Cobalt 
Cerium > 


Base alloy: 6 percent Mg, 1.5 percent Cu, 1 percent Mn, 

.05 percent Ca, plus grain refiners 


0.5 

0.5 


30,450 

.1 

.1 


4o,ioo 

.1 

.1 


33,350 

.1 

.1 


38,500 

•15 

.02 

•02 

38,550 

.05 

.05 


33,050 




Lithium 


0.05 


0.05 


22,600 


~HTS , solution heat treatment, followed by stabilization for 24 hr 
at 65 O 0 F » 
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TABUS 13.- C0MPG6ITI0H CdP STABILIZED ALLOYS 

(pensile properties of these alloys given In table 1§] 




Alloy 

Element 

(Percent by TOigfct) 

Cu 

Mn 

Hi 

Mg 

Cr 

Ti 

B 

Be 

Si 

Fe 

Al 

EAE ItOC 

2.30 

1.87 

5-02 

0.68 

0.51 

0.07 


0.34 

0.18 

0.32 

Bal. 

BAE 55 

1*75 

1.75 

2.85 

.73 

.50 

*05 



.13 

.20 

Bal. 

Alcoa l42 a 

4.00 


2.00 

1.50 


.10 



.10 

.41 

Bal. 

Alcoa 254 & 

*50 

1.05 

1.50 

5.99 


.02 

0.01 

.005 

.09 

.16 

Bal. 

Experimental* 1 
(Heat 78) 

1.50 

1.05 


6.00 


.02 

.01 

.005 

•09 

.14 

Bal. 

CM 62 


1.80 


Bal. 

Ce 

6.0 








€1 

Calculated, or nominal compositions. 
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TAELS 1*.- TKK3TTX TRQFKBTIXS CT BAX *0C, RAX 55, ALCOA 1*2, 
ALCOA 25 A, AID AX XXFKSIMDrEAL ALLOT AX ROCM TBfFXRAXOHE, 
*00°, 300°, 600°, . AID AT TOO® I 


Alley aod bar 


T*«t 

iaaparati 

' (°r). 


Condition prler 
to toot 


\ Tana 11a 

Fropcr- 


ticoal 

Halt 

Tl) 



Tlold strength 

(s«i) 


0 . 1— percent 1 0.2-paroaat 
offset offaat 


Cat 1 cn 

(parcaat In 2 In.) 


MI 100-3 

Bow 

MI loc-3 

-do- 

MI 100 1-1 

1 

-do— 

MI loc 1-3 

-do- 

RAX 55-3 

-do- 

HAX 35-3 

-do- 

MI 35-6-2° 

-do- 

RAX 33-6-2“ 

-do- 

Alcoa 1*2 (76-3) 

-do- 

Alooa 112 (76-I) 

-do- 

Aloe 23! (7I-2) 

-do- 

Alooa 23* (7*-*) 

-do- 

Kl* r - (78-2) 

-do— 

Zzpar. (78-*) 

-do- 

MI 100 1-1 

*00 

BAX *0C *-3 

*00 

BAX *00*2 

*00 

MI lOC- 3 

*00 

RAX 33-5-2 

*00 

RAX 55-5-3 

*00 

BAX 33-2 

*O0 

HAX 35-3 

*00 

Uao. 23I (71-1) 

*00 

Alcoa 23* (7*- 2} 

*00 




2 


** 

1.0 


Hndalaa of 
elasticity, 
X 


12.2 X 10 6 
12.2 


10.5 

10.7 


10.6 

11.0 


11 .* 

11.0 


11 .* 

11.3 


10.6 

10.1 


9.7 

11.2 


9.5 

11.6 


h 9 *7 

PlT-6 


10.3 

10.5 


*Boci teatperatura tents pull ad at O.OC In. /is. gage iangth / ni n until ortas acMtar 
vu ranored, than scasvhat factor to ruptura. All othar barm vara pilled at 
0.01 In. /la. gaga lsugth/nln until 0.2-paroant offaat was reached, than rata vac 
increased to 0.03 In. /in. gaga Isngtb/nln to ruptura. 

■Redaction of araa la taata at roan tauper&tnro la too —11 to naanra accurately. 

“Fracture shoved inclusim la bar. Speoiaen vary unsound. 

at— tre at nd 6 far at 960° T, quenched la boiling vater, aged 8 hr at *00° F. 

*A* oast and agad 8 hr at *00° F. 

f fcat-treated 16 hr at 810° F, quenched la cold eater, stabilized 2* hr at 65c 0 f. 

*As received, stabilized *80 hr at 375° F. 

"Modulus probably la error. 

‘ll o«t u( «««. 8 kr at 100° T, atallliiad 180 hr at 575° T. 
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TA BL g 14.— TBCTLX BKOEaiK CX RAX 40C, RAX 55, ALCOA l42, 
ALCOA 254, AND AX HPXRIKOITAL ALLOT A3 ROOM TXKPERAIUHE, 
*00°, 500°, 600°, AMD AT 700° T - Ccntinuad 



Tact 

teaperatm 

<<*> 

1 

Tenalla 


Tl,ld rtruct* 

■jeardsaase 

Reduo— 


Alloy and her 

1 Condition prior 

to tart 

rtraagtb 

tlcnal 




tiea 

Modulus af 

*5? 

Unit 

C*d> 

O.l^peroant 

offaat 

0.2-percent 

offaat 

Earn 

of area 

(»«ro«.t) 

(h) 

elaetioity, 

X 

Alooa 142 (76-13 

4oo 

9UCL out - XUS20J 

19*050 

21,650 

*,560 

9*900 

11*050 

6.0 

6.6 

**17.0 x 10 6 

Hoc. 1*« (76-2 

400 

—— — — do— — 

5,oco 

9,660 

10,800 

5.0 

3.1 

7.6 




W. 20,350 

*.790 

9,780 

10,925 

5.5 

*.85 

(78-I) 

400 

Sand oaat - HTS20 k 

27.800 

1*,500 

20,700 

23*050 

6.8 

6.6 


sw«r. (78*2) 

400 

“———do — — 

' 27,300 

12.750 

18,500 

20,100 

3-2 

5.3 

9 % 




t. 27, *50 

13.6*3 

19,600 

21,575 


6.05 


iu *oo-*-* 

500 

Chill cc*t - S20 1 

11,000 

3,750 

6,250 

7.000 

isFI 

mm 

5-75 

hu *oc-*-3 

500 

do 

11,100 

3,830 

6,890 

7,630 



7*65 




r. 11,050 

3,790 

6,570 

7,325 

3.25 

2.75 


HU *00-2 

500 

Wrought - B20* 

i£SS 

?*ooo 

7*350 


46.0 

53.0 

9.0 

HU *00-3 

500 

do 

*,87» 

7,160 

67.0 

56.0 

10.3 



• 

r. 10,880 

*,935 

7*255 

7,9*3 

56.5 

54.3 


SAX 55-5-2 

500 

Chili «ut - 820* 

1*.520 

7,*00 

10,650 

11*320 

5-0 

7.1 

8.1 

BAX 55-5-3 

500 

-do 

13*520 

7,270 

10*300 

11*050 

6.0 

4.4 

12.2 



1 

r. 14,000 

7*335 

lo, *75 

11,185 

5*5 

5.75 


»AX 55-3 

500 

Wrought - S20 l 

12*350 

5*300 

8,050 

8,900 

6.0 

78 

8.85 

JUS 55-2 

500 

——do — 

15*300 

5,100 

8,930 

10,700 

4.0 

4o 

11.5 



a 

r. 13,825 

5*200 

6,490 

9,800 

■uy^EiRgEHr 

it- 












Aloo. 25* (7*-*) 

500 

-■!>-— --- 

28,300 

20,300 

5*520 

16,550 

18,050 


EH 

7-9 



■ 

r. 21,300 

8,990 




2.0 


Alcoa 142 (76-33 
Alcoa 142 (76-4) 

500 

Sand oaat — HEAsao^ 

13*S00 

6,600 

4,766 

9*125 

7,650 

9*950 

8,270 


22 

K 









l 

». 13,800 

5,780 

8,385 

9*110 

15.0 

22.5 


Xrper. (78-3) 
(7^-4) 

500 

Sand oaat - STS 20* 

22,500 

12,000 

18,000 

19,000 

15,000 

10.3 

S:S 

*17-33 










1 

r. 21,900 

11*750 

17,250 

18,600 

14.25 

15.5 


RAX 400-3 

600 

600 

Wrought - 820* 


j*is 

5,230 

6*510 

5.770 

53.0 

SK 

10.3 










* 

r. 8,155 

3*930 

5,870 

6.3*5 

*7.13 

58.9 


RAX 4oc-4-l 
RAX 40C-4-1 

600 

600 

Chill out — 820* 

8,110 

3,530 

„ 5*570 

6,070 

5.0 

K -L 

4.8 







3.05 




a 

. 7,505 

3*570 

5,380 

3,875 


4.07 


BAX 55-3 

600 

wrought - 820* 

t.sto 

3,800 

5,*70 

5*800 

6,460 


89.0 

6.85 

7.8 

BAX 55-3 

600 


8,130 

4,010 

6,0*0 





ai 

% 7*900 

3*905 

5,755 

6,130 

69.0 

87.* 


BAX 55-4-1 

600 

Chill cart - S20» 

10,200 

5*200 

7,6eo 

8,100 

25.0 

mm 

6.15 

HU 55** -3 

600 

~dO— — — 

9*550 

*,000 

7,350 

7,850 

12.5 

6.9 

. 


at 

L 

. 9,875 

4,600 

7, *85 

7,975 

18.7 




*Weai trnparatare tests pulled at 0.02 in. /in. gag* lengih/ain until utosicwtu- 

w rwortd, than laiilat f astir to rupture. All other hare wn pulled at ^^NACA 

0.01 la./ln. gaga langth/nln natll 0 . 2 — parts* nt erffeet tu reached, than rata ni 

j. increased to 0.03 la./ in. gaga length/nin to rupture. 

Modulus probably In error. 

«A* oaat and. aged 8 hr at *00° F, stabilised 48o hr at 575° F . 

J B»at-tre»ted b hr at 96 O 0 F, quenahsd la tolling vat ar, aged 8 hr at 400° F, 
stabilised Wo hr at 5750 r. 

K aMrt— treated 16 hr at 610° T, quenched In odd vater, aged 24 hr at 650° T. 
atahllliad 480 hr at 5750 7 . 

*As reoeirrd, atabf lifted 480 hr at 575° T. 

*Aa received* atahllliad 48o hr at 650 ® T. 

d TUmc Hated are questionable because of peoullarltlaa of etreee— strain curve. 
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TAUX 1*.- TlggTT . l 2B0MRT1XS C* SULK *OC, RAX 55, ALCOA 1*2, 
ALCOA. 25*, AJD AX XXPXRJMOtTAL ALLOT AS SOCK TDCFZRAIOBX, 
*W° , 500°, 600°, AND AT ?00° F — COKrl ndad 


Alley and bar 

Tart 

‘•■j Tatar# 

C°r) 

Condition prior 

Tana 11a 

Jropcr— 

tlooal 

Tlald ttm|U 

Cb-D 

Hen— 

gg 

MllUDf 

to tart 


Unit 

Cpal) 

0 . 1 — paroant 
off art 

0 . 2 — pareart 
affaat 

gntlcn 

(pageant In 2 In.) 

alra tlclty, 
X 

Alcoa 1*2 C3T-1)° 

600 

Sand cart — HTAS20 7 

CjfcC 

3360 

Pi 

5660 

12.0 

13.7 

■Wl 

Hm. 1*2 ( 3 T- 3 ) 

600 


9*310 

3000 

5905 

20.5 

20 .* 






*T 

• 8,935 

3180 

5,*73 

5790 

16.2 

17.0 

wm 

Moo. 25 V (7311) 

600 

Sand oaat — aoA32C* 

12,830 

6810 

10,230 

9650 

20.0 

12.2 


Um 23* C73-3) 

600 




18.1 









«T 

12,775 

6813 

93*0 


19.5 

13-1 


n*Kr. (77-1) 

660 

Sand a art — HTS^ 

12,200 

6960 

9,*a° 

9670 

28.6 * 

2 *.* 

6.5 

*r»*r. (77-3) 

600 


11,600 

5700 

8,720 

26 A 

3*.0 







nr 

12,000 

6330 

9,100 

9260 

87.5 

29.2 


SAT *0C-2 

700 

awugit - s** 

k, 8 kO 

2710 

3, *60 

3660 

* 6.0 

69.1 

33 





















' 


ar 

*,975 

2*90 

3, *90 

3730 

67.0 

67.1 


hax *oc -*-2 
sax *oc-*-6 

700 

Chill cart - sk* 

2*2 

2150 


*350 

ik.O 

3*.0 

5.6 











ar 

t&rougkt — S** 

. 6,070 

2370 


* 6*0 

19.5 

61.0 

* 6.0 

23.8 

5*-7 

58.9 


SAX 55-2 

700 

6,200 

Wrrm 


5 <ao 

5-9 



ar 

5,650 

■ 




5*.8 


M »•* 

700 

Chill cart - 8 k* 

T» 26 o 

kjLO 

6,090 

6,360 

6*60 


* 8.8 

51.* 

5.6 











ar 

7*655 

*325 

6,325 

67*0 

25-2 

50 LL 


Aleo. 1*2 ( 76 - 1 ) 

700 

Sand cart - HEABk^ 

5,325 

1639 

3,120 

SS 

*9-5 

57-6 

3-9 

Also. 1*2 ( 76 - 3 ) 

700 

— --- — do 

5,900 

2700 

3,900 

59.0 

65.1 

5-0 



ar 

5,610 

2163 

3,510 

3770 

5*.2 

61.3 


AIM. 23 * ( 7 *- 2 ) 

700 

Sand cart — acASh* 

8 , 0*0 

?*S 

5,750 

6050 

*9.0 

tt-i 

5.6 

Alcoa 25 k (7*-*) 

700 


7,650 

5,720 

5970 










IT 

7,8*3 

3950 

5,735 



* 1.0 


SifT. (7S-1) 
Axp*r. ( 78 - 3 ) 

700 

Sand cart — HTSk T 

7.650 

37 ® 

5,650 

5750 


S3 

7.3 

700 

— - — —do 

8,*20 



— 





ar 

8,035 





69.0 

51-2 



Ho cm tanparatnra tarta pullad at 0.06 In. /in. gaga langth/nln until eztraiattw 
rar Ttaortd, than arnanTiaf futir to r op t ur a. All othar loro wk pullad. at 
0.01 in. /in. gage langth/nln until 0. 0 p aaroa n t cffaat vu rwah>t» than n ta wi 
Inorasaad to 0.03 length/** 11 to ruptura. 

e 0rarhaatad luring tartj all Taluaa ara loir far thir tar. 

la focrtnota j tut rtahlliiad *80 kr at 650? X. 

*A* la f ootnota 1 tut atabillxad *Qo hr at 6*50 X- * 

r Ai la foortxwta k Imt atabllixad 4flO kr at 650 ° T. 

■j a racafrad, * tab til rad 96 hr at 7 ^ 0 ° F. 

Tin la f ootnota J bat rtahllizad 96 hr at 700° F. 

*Aa la footaota 1 hut artahUlzad 96 hr at 700 ® F. 

TXa la footnota k hut rtahllizad 96 hr at TOO T. 



















































Figure 1.- Typical ttme-deformatton curves for creep tests run at 600° F aal 1300 psi on cast 

alnrnlnnm - b ftSfl alloys. 
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Figure 3. - Tensile strength of various alloys. All alloys stabilized 
prior to testing at elevated temperatures. See table 13 for 
compositions . 



YIELD STRENGTH, PH 


NACA TN No. 1444 


31 


50X10 3 


45 


40 


o 

—RAE 

55, 

□ 

—RA E 

55, 

H 

- ~RA E 

400 , 

. 

— RAE 

400 ■ 

a 

-ALCOA t4S 


WROUGHT 


x ALCOA 254, SAND CAST, acA 

■ CM 62, SAND CAST, HTA 

V EXPERIMENTAL , SAND CAST, HT . 



IOO 


200 


300 400 500 

TEMPERATURE , *F 


600 


700 


Figure 4.- Yield strength (0.2-percent offset) of various alloys. All 
alloys stabilized prior to testing' at elevated temperatures. See 
table 13 for compositions. 
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Elongation o f various alloys. See table 13 for chemical 
compositions . 
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